Terfezia boudieri Chatin (Scop.) Pers., is a famous macrofungus in the world as well as in Turkey for its pleasant aroma and flavour. People believe that this mushroom has some medicinal properties. Therefore, it is consumed as food and for medicinal purposes. Chloroform, acetone and methanol extracts of T. boudieri were tested to reveal its antimicrobial activity against four Gram-positive and five Gram-negative bacteria, and one yeast using a micro dilution method. In this study, the highest minimum inhibitory concentration (MIC) value was observed with the acetone extract (MIC, 4.8 µg/mL) against Candida albicans. Maximum antimicrobial effect was also determined with the acetone extract (MIC, 39-78 µg/mL). The scavenging effect of T. boudieri on 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radicals was measured as 0.031 mg/mL at 5 mg/mL concentration, and its reducing power was 0.214 mg/mL at 0.4 mg/mL. In addition, the phenolic contents were determined as follows: the catechin was 20 mg/g, the ferulic acid was 15 mg/g, the p-coumaric acid was 10 mg/g, and the cinnamic acid was 6 mg/g. The results showed that T. boudieri has antimicrobial activity on the gram negative and positive bacteria as well as yeast, and it also has a high antioxidant capacity. Therefore, T. boudieri can be recommended as an important natural food source.
Introduction
Edible mushrooms have some important protein ingredients such as single cell proteins (SCP). Additionally, mushrooms do not contain starch and they have very low amount of sugar. Fat contents of mushrooms are low in total amount but they are rich in essential fatty acids. The other important features of mushrooms are that they have ergosterol, they could be converted by the body into vitamin D, and do not contain cholesterol. Certain species of edible, inedible and poisonous mushrooms are known to have important medicinal properties, and their extracts are also used for possible treatments of some diseases in the world. A few species, such as, Lentinula edodes (shiitake), Grifola frondosa (maitake), Ganoderma lucidum (mannentake) and Cordyceps spp. have a history of medicinal usage in parts of Asia. The studies have indicated that mushrooms have cardiovascular, anticancer, antiviral, antibacterial, anti-parasitic, anti-inflammatory, hepatoprotective, and glycaemic activities (Yang et al., 2002; Jeong et al., 2009; Jua et al., 2010) . Antioxidants, or the molecules that have a scavenging effect on DPPH radicals, are known as potentially protective substances (Ramirez-Anguiano et al., 2007) . This protective effect is mainly attributed to well-known antioxidants such as ascorbic acid, tocopherols and β carotenes, but plant phenols also play an important role.
T. boudieri has a particular aroma and taste, and it is known as "Desert Truffle" in the Mediterranean countries. It is a very popular species. Although T. boudieri is an important food source, there is no conclusive report concerning its antimicrobial effects, antioxidant activity or fatty acid composition in Turkey.
Material and Methods

Collection of T. boudieri samples
The samples were collected from Karaman-Mara district, under Helianthemum salicifolium, 08.04.2001, and its fungarium number is HD1145. The species identification was performed as described in the literature (Astier, 1998) . The fruiting bodies of mushroom samples were dried in a dehydrator at 37-40°C for 5 days. A stock sample of the species was also deposited at the Fungarium of the Mushroom Application and Research Centre, Selçuk University, Konya, Turkey.
Antimicrobial activities Preparation of the extracts
Powdered fungus sample (30 g) was extracted with 250 mL of chloroform in a glass beaker for 8 h at 55°C on a hot plate. The resultant extract was concentrated using a rotary evaporator at 40°C and low pressure, and the desired phase was separated from the crude extract with chloroform. Later, the residue was extracted with acetone and methanol, respectively. After extractions were completed, all the semi-solid extracts were lyophilised. The lyophilised extracts were dissolved in DMSO: PBS (1:1) at a 100.000 µg/mL concentration. These extracts were filtered through a sterile filter (0.45 µm) and stored at 4°C.
Determination of the antimicrobial activity by the micro dilution method
T. boudieri extract in the stock solutions was prepared at a 20000 µg/mL concentration in PBS: DMSO (1:1). MHB (100 µL) was dispensed into each well of a flat-bottom, 96-well microtiter plate. The serial ½ dilutions (100 µL) of T. boudieri chloroform, acetone, and methanol extracts were prepared separately. Finally, a dilution series of each extract were prepared from 20000 µg/mL to 0.305 µg/mL. Then, 100 µL of each bacterial suspension were added into each well containing the MHB and the mushroom extract mixture. This procedure was also repeated for the yeast in different plate wells. The absorbance of the plates was measured using an ELISA reader at 630 nm (EL x 800). The lowest concentration that produced an inhibitory effect was recorded as the MIC for each extract as described by Devienne & Raddi (2002) with some modifications. Ampicillin (100 μg/mL concentration) for bacteria and Amphotericin B (50 μg/mL concentration) for yeast were used as positive controls. Each experiment was conducted in triplicate.
Antioxidant activities
A hundred grams of the powdered sample were extracted with stirring in methanol at 60°C for 6 h in a Soxhlet apparatus. The extract was then filtered through Whatman No. 4 filter paper and concentrated under a vacuum at 45°C using a rotary evaporator. The extracts were then lyophilised and stored in the dark at 4°C until it was used.
Scavenging effect on DPPH radicals
0.5 mL of the methanol extract in a range of concentrations (0.5-5 mg/mL) was added to 3 mL of a DPPH radical solution in methanol (the final concentration of DPPH was 0.2 mM). The mixture was shaken vigorously and left to stand for 30 min in the dark, and the absorbance was then measured at 517 nm against a blank using the Hitachi U-2001 spectrophotometer (Shimada et al., 1992) . BHT and BHA were used as standard controls. The β-carotene-linoleic acid assay was performed as described by Taga et al. (1984) .
Reducing power
Extract (0.04-0.4 mg/mL) in methanol (2.5 mL) was mixed with 2.5 mL of 200 mM sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide, and the mixture was incubated at 50°C for 20 min. Next, 2.5 mL of 10% trichloroacetic acid (w/v) was added, and the mixture was centrifuged at 200g for 10 min. The upper layer (5 mL) was mixed with 5 mL of deionised water and 1 mL of 0.1% ferric chloride. Finally, the absorbance was measured at 700 nm against a blank in a Hitachi U-2001 spectrophotometer.
Determination of the phenolic composition of T. boudieri
The total phenolic content of the methanol crude extract was determined by the Folin-Ciocalteu method with some modifications according to Singleton & Rossi (1965) . The phenolic substances were determined as described by Maltas & Yildiz (2011) . Gallic acid, catechin, caffeic acid, p-coumaric acid, ferulic acid, cinnamic acid and quercetin (Sigma-Aldrich) were analysed as standard phenolic structures. The samples were run in triplicate.
Results and Discussion
Antimicrobial activity results
According to Craig (1998) , to evaluate antimicrobial activity, MIC values should be measured from the 4th through the 16th dilutions. The antimicrobial effects of T. boudieri against bacteria and yeast were measured in accordance with the following ranges (Gülay, 2002; Morales et al., 2008): 1-MIC values are lower than 100 μg/mL = antimicrobial activity is high; 2-MIC values are between 100 μg/mL and 500 μg/mL = antimicrobial activity is moderate; 3-MIC values are between 500 μg/mL and 1000 μg/mL = antimicrobial activity is weak; 4-MIC values are more than 1000 μg/mL = no antimicrobial effect. In accordance with these ranges, the antimicrobial results are given in Table 1 . The maximum inhibitory effect on the test microorganisms was observed with the acetone extract (4.8 µg/mL in the 13th dilution) against C. albicans. Overall, the acetone extract exhibited the maximum antimicrobial effect with values generally lower than 100 µg/mL, placing it in the high category (MIC values, 78 µg/mL in the 10th dilution), except S. pyogenes (312.5 µg/mL). The effects of the chloroform extract against test microorganisms are of high and moderate activity (MIC values, 78 and 156 µg/mL in the 6th and 7th dilutions, respectively). The lowest antimicrobial effect was observed in the methanol extracts (MICs, 156 µg/mL to 625 µg/mL). In general, acetone and chloroform extracts of T. boudieri were found to be more effective than methanol extracts against bacteria and yeast. The most effective MIC concentrations of the extracts were typically measured between the 6th and 10th dilutions. The current results were also confirmed by previous studies. The crude water extract of T. boudieri was used to treat eye disease, and it was also effective against S. aureus (Gücin & Dülger, 1997) . According to Yoon et al. (1994) , Ganoderma lucidum had a good antimicrobial effect against Proteus vulgaris (MIC, 1.25 mg/mL) and Escherichia coli (MIC, 1.75 mg/mL), and six species of bacteria were determined to have MIC values higher than 5 mg/mL. In the present study, MIC values were generally measured between 78 µg/mL and 312.5 µg/mL, and our results are better than those of Yoon et al (15) . Gbolagade et al. (2007) studied the antimicrobial effects of some fungal species using disc diffusion and micro dilution methods. The highest antibacterial inhibitory activity (24.0 mm) was recorded with the purified extract (PRE) of Polyporus giganteus against E. coli, and the second widest inhibition zone (22.0 mm) was recorded with the PRE of Pleurotus floridanus against K. pneumonia in their study. Except for the extracts of P. tuber-regium, none of the tested macrofungi was able to inhibit the growth of P. aeruginosa. Overall, the antifungal activities of these higher fungi were low, and P. giganteus and Termitomyces robustus only inhibited the growth of C. albicans with values that were not statistically significant. A study conducted on antimicrobial effect of Russula delica by Yaltirak et al. (2009) showed that while the highest inhibitory activity was measured against S. sonnei RSKK 8177, in contrast, the weakest inhibitory activity was measured against P. aeruginosa ATCC 29212 and S. enteritidis 171. In the present study, all the extracts exhibited higher antibacterial activity against P. aeruginosa and S. enteritidis more than the extract of R. delica as reported by Yaltirak et al. (2009) . In the present study too, the highest MIC concentration (4.8 µg/mL) was recorded with the acetone extract against C. albicans. However, higher MIC concentrations (39-78 µg/mL) were observed from acetone extract.
The current results are similar or more effective than these literatures. To the best of our knowledge, there were previously no reports on the antimicrobial effects of T. boudieri using micro dilution method, and this result has been reported here for the first time.
Antioxidant activity results The scavenging effects on DPPH radicals
The DPPH radical scavenging effects of T. boudieri, as well as those of the BHA and BHT controls, rose as the increased concentration from 0.5 to 5 mg/mL (Fig. 1) . The scavenging values at 0.5 mg/mL concentration were 0.04 mg/mL for T. boudieri, 0.047 mg/mL for BHT and 0.038 mg/mL for BHA, while the scavenging values at 5 mg/mL were 0.031mg/mL for T. boudieri, 0.035 mg/mL for BHT and 0.028 mg/mL for BHA. As illustrated in Fig. 1 , the scavenging effect of T. boudieri extract on DPPH radicals rose with increasing concentrations.
The IC 50 value of T. boudieri extract was lower than BHA and higher than BHT. The IC 50 values were 0.58 mg/mL for T. boudieri, 0.43 mg/mL for BHA and 0.72 mg/mL for BHT ( Figure 2) . A lower IC 50 value indicates higher antioxidant activity (Pourmorad et al., 2006) , so the antioxidant capacity of T. boudieri is higher than BHA.
The inhibition values of T. boudieri extract and the standards on the DPPH radicals at 0.5 mg/mL concentration were 55% for T. boudieri, 60.60% for BHA and 53% for BHT (Figure 3 ). In previous studies, the scavenging effects of mushroom extracts ranged from 36-96% at a concentration of 5-10 mg/mL. Because different methods and concentrations were used in the literature, there was no standard level for measuring scavenging effects. Some studies can be summarised as follows: the scavenging effect of Volvariella volvacea was measured as 57.8% at 9 mg/mL concentration (Cheung et al., 2003) . Mau et al. (2004) used 10 mg/mL concentration for their studies, which reported scavenging effects of 78.8%, 79.9%, and 94.1% for Termitomyces albuminosus, Grifola frondosa and Morchella esculenta, respectively.
Dogan and Aydin
Additionally, Lee et al. (2008) studied the fruiting body and mycelia of Hypsizygus marmoreus with hot water and methanol extraction. According to their results, the scavenging effects of the fruiting body and mycelia ethanol extracts at 5 mg/mL concentration were both 75.5%, while the scavenging effects of the fruiting body and mycelia hot water extracts were Dogan and Aydin Afr J Tradit Complement Altern Med. (2013) 10(4):52-58 http://dx.doi.org/10.4314/ajtcam.v10i4.9 56 36.8% and 55.5%, respectively. The scavenging effect of R. delica was 26% at 10 mg/mL concentration (Yaltirak et al., 2009) . Compared with the inhibition values reported in these studies, T. boudieri extract was effective at a much lower concentration.
β-Carotene-linoleic acid assay
The inhibition values of T. boudieri were determined to be higher than Trolox, but similar to BHT and lower than BHA. T. boudieri extract, BHT, BHA and Trolox exhibited 68.6%, 73.7%, 80.8%, and 50.51% inhibition, respectively (Figure 4 ).
Figure 4: The inhibition % graph
According to the literature, the inhibition values of mushroom extracts vary from 50% to 96% at the different concentrations. The antioxidant activities of methanolic extracts of young and mature Agaricus brasiliensis Fr. were evaluated with β-carotene, and were found to inhibit oxidation 92% at 0.2 mg/mL concentration (Soares et al. 2009 ). Gürsoy et al. (2009) studied with seven Morchella species and found that M. esculenta var. umbrina and M. angusticeps were to be the most active species (96.89% and 96.88%, respectively, at 4.5 mg/mL concentration). Sarikürkcü et al. (2010) studied antioxidant activity of Amanita caesarea, Clitocybe geotropa and Leucoagaricus pudicus, and they discovered that L. pudicus possessed the highest oxidation level (81.8% at 25.5 mg/mL concentration). It was followed by A. caesarea (70.1%) and C. geotropa (61.3%). In comparison with previous studies, T. boudieri had a high oxidation level even at a low concentration (68.96% at 2.284 mg/mL).
Reducing power
The reducing power of T. boudieri extract showed a parallelism with its increased concentration (Fig. 5 ). The highest reducing power was observed with BHA (1.895 mg/mL); it was followed by BHT (1.654 mg/mL) and T. boudieri (0.214 mg/mL) from 0.04 mg/mL to 0.4 mg/mL concentrations. 57 concentration, the reducing powers of A. caesarea, C. geotropa and L. pudicus were 1.5 mg/mL, 1.2 mg/mL, and 1.3 mg/mL, respectively (Sarikürkcü et al., 2010) . In comparison with the studies described above, T. boudieri possessed a high reducing power at a low concentration.
Total phenolic and phenolic compounds of T. boudieri
The amount of phenolic compounds in the methanol extract of T. boudieri was determined to be 0.21 mg/g gallic acid equivalents. Some selected phenolic acids and flavonoids of the extract were separated and compared with authentic standards using HPLC for identification. The phenolic composition of T. boudieri was reported here for the first time ( Table  2 ). Seven components from T. boudieri were analysed, and four of them were identified as catechin, p-coumaric acid, ferulic acid and cinnamic acid. Catechin was the predominant phenolic acid with a value of 20 mg/g, it was followed by ferulic acid at 15 mg/g, p-coumaric acid at 10 mg/g and cinnamic acid at 6 mg/g. However, the extract did not contain any flavonoids, such as quercetin, caffeic acid and gallic acid. Ferulic acid 15 5 Gallic acid ND 6
p-coumaric acid 10 7
Quercetin ND Antioxidant, antimicrobial, antiallergy and anticancer effects of catechin were reported in some previous studies (Kondo et al., 2000; Shimamura et al., 2007) . Catechin was found in R. delica at 5.33 mg/g by Yaltirak et al. (2009) . In the present study, it was found at 20 mg/g and this ratio is quite high. Antimicrobial activities were already appearing in highimpact in the present study, and this can be related with high catechin level.
Ferulic acid, like many phenols, is an antioxidant 'in vitro' in the sense that it is reactive towards free radicals, such as reactive oxygen species (ROS). ROS and free radicals are implicated in DNA damage, cancer, and accelerated cell aging. Ferulic acid may be effective at preventing cancer induced by exposure to carcinogenic compounds (Kampa et al., 2004) .
Coumarin derivatives are important substances for human health. They have anti-thrombotic, anti-inflammatory, and vasodilatory effects as well as antiviral and antimicrobial activities (Cowan, 1999) .
Cinnamic acids are common representatives of a wide group of phenylpropane-derived compounds that are in the highest oxidation state. Cinnamic acids are effective against viruses, bacteria and fungi (Cowan, 1999) .
Conclusion
The present results indicate that economically important and edible mushrooms may display significant antioxidant and antimicrobial features, and they are a good source of fatty acids. Therefore, future studies in this area should be extended to other economically important and edible mushrooms.
